The effect of amorphous nanosilica and crystalline nanoalumina on water absorption behaviour of geopolymers was considered at two and seven days of water curing regimes.
Introduction
After introducing nanoparticles to the scientific world, several attempts were made to incorporate them into the cementitious pastes [1] [2] [3] . The results show the possibility of appropriate usage of nanoparticles in concrete mixtures with improved required properties.
Although nanoparticles have several effects on the cementitious paste, two main ones are their role as nucleation cites [4] and nanofiller effects [5] . In spite of OPC-based concrete, the effects of introducing nanoparticles into geopolymers, eco-friendly suggested OPC-concrete substitution, has not been developed well.
Geopolymers are environmentally-friendly specimens that can be made by an appropriate aluminosilicate source such as fly ash. The structure of geopolymers is consisted of aluminosilicate bonds due to geopolymeric reactions. The higher amount of geopolymeric reactions results in improved properties such as higher strength and lower water absorption.
Incorporating of appropriate nanoparticles such as nanosilica and nanoalumina in geopolymers not only provides more nucleation cites for aluminosilicate reactions, but may contribute as a component of these reactions.
Utilizing of silica and alumina nanoparticles in ash-based geopolymers was reported for the first time in the previous work [6] . Amorphous nanosilica and crystalline nanoalumina were used to increase the compressive strength of specimens. It was reported that amorphous nanosilica particles accelerate geopolymeric reactions while crystalline nanoalumina particles have no effect on strength assessments. Phoo-ngernkham et al. [7] investigated the effects of nanosilica and nanoalumina on the properties of geopolymers at ambient temperature. They indicated that incorporating of nano-SiO 2 as additive to fly ash results in decreasing of the setting time, while adding nano-Al 2 O 3 results only in a slight reduction in setting time. Due to more geopolymerization reactions, incorporating of 1-2% nanoparticles improved compressive strength, flexural strength and elastic modulus of the considered pastes.
Hajimohammadi et al. [8] utilized nanoalumina in geopolymeric pastes and reported significant changes in the kinetics of the reaction and in the chemical structure of the final binders.
In the present work, the effect of incorporating nanosilica and nanoalumina particles on water absorption of ash-based geopolymers has been considered. Additionally, the effects of other operational parameters including oven curing temperature and oven curing time and the other important factor of mixture proportion, sodium hydroxide (NaOH) concentration have been considered. To investigate the effect of the whole parameters, Taguchi design of experiment method was utilized and each factor was considered at three levels. The obtained results were analysed by factorial and analysis of variance (ANOVA) methods.
Experimental Procedure
Same as the previous works [6, 9] , the aluminosilicate source was a combination of rice husk ash (RHA) and fly ash (FA). Alkali activating of the mixtures was performed by a mixture of sodium silicate and NaOH. The sodium silicate to NaOH weight ratio was 2.5 for all mixtures. The mixtures were produced by a constant proportion containing 364 Kg/m 3 The complete characterizations of the utilized materials have been given in Refs. [6, 9] .
Totally two series of specimens were considered. G series specimens were made by the given mixture proportions and different oven curing temperatures, oven curing time of NaOH concentration. To present a comprehensive investigation by using the minimum possible specimens and maximum accuracy, suggest L9 array for both 3 factors at 3 levels and 4 factors at 3 levels, nine series of experiments were suggested for G and N series specimens. The suggested nine series of experiments for G series has been given in Ref. [9] and that of N series has been given in Ref.
[6].
The method of mixing geopolymeric pastes has been given in the previous works [6, 9] . After mixing the raw materials, the pastes were poured in cubic specimens with the edge of 5 cm. After pouring, the specimens were pre-cured in the moulds for 24 h while their top surface was covered by a wet polyester sheet. After de-moulding, the specimens were heated for 8 h at 110 o C to remove the extra water. After weighting, the specimens were put in tap water in accordance to the suggested 9 series conditions and their weight was obtained at two and seven days of water curing. The tolerance for weighting the specimens was 0.1 g. The percentage of water absorption of the specimens, PWA, was obtained based on the difference between the weight of specimens before putting in water, W 0 , and after two and seven days of water curing, W, in accordance to Eq. (1):
Results and Discussion
The water absorption results for the G series at two and seven days of water curing regimes and those of N series at same curing regime have been illustrated in Figs. 1 and 2 respectively. Although the difference is not high, the figures illustrate the higher percentage of water absorption at seven days of water curing with respect to the amount obtained for two days water curing regime. Two possible phenomena which cause higher percentage of water absorption in later ages of water curing may be described as following:
1. In accordance to the previous work [6] , the geopolymeric reactions in some mixtures do not complete after de-moulding. This was proved by visual check and may be occurred for other specimens in lower amounts. Therefore, dissolution of alkali activator into water and instead absorbing more water to complete geopolymeric reactions is possible. This is the main reason for higher percentage of water absorption in geopolymeric pastes.
2. Geopolymeric porous paste absorbs water during the age of curing, and at later ages, the percentage of water absorption increases. Although, this behaviour has not been considered for geopolymers, it is approved for traditional OPC-based concrete specimens [10] .
Therefore, one may assume that geopolymers behave in a similar way. Table 1 
Analysing water absorption of G series specimens by ANOVA
The effects of the main parameters, the share of each of these parameters and the optimum conditions of the parameters for obtaining the lowest percentage of water absorption for G series specimens at two days of water curing regime have been given in Fig. 5 , Table 3 and Table 4 respectively. Fig. 5 and Table 3 show that the main important factor to determine the percentage of water absorption in G series specimens is the oven curing temperature, same as the previous work [9] .
According to Table 4 , the optimum oven curing temperature to achieve the lowest water absorption is 90 o C. At this temperature, the geopolymeric reactions complete faster and hence, dissolution of alkali activator in water decreases considerably. Hence a denser paste is achieved with lower porosities.
Furthermore, the minimum oven curing time (2 h) has been suggested to attain the lowest percentage of water absorption. It seems that by increasing the time of oven curing, dissolution of alkali activator in water increases, especially for the specimens that their geopolymeric reactions have not completed after de-moulding.
Finally, NaOH concentration of 8 M has been suggested to obtain the lowest water absorption. Although according to Table 3 the share of this factor is low, it seems that NaOH with concentration of 5 M is not appropriate to produce a dense specimen with low porosities and consequently the percentage of water absorption increases. On the other hand, specimens
with NaOH concentration of 12 M have incomplete geopolymeric structure [6] , and hence subsequent dissolution of alkali activator in water is occurred. In other words, chemical composition of the base aluminosilicate source determines the concentration of NaOH to achieve the targeted properties. It has been shown that if the concentration of NaOH is more than that required for completion of geopolymeric reactions, some complex compounds are produced prevent appropriate reaction progress.
To verify the results, a specimen in accordance to the optimum conditions of Table 4 was produced and tested. The percentage of water absorption for this specimen at two days of water curing regime was 9.66 which is lower than that of the other specimens. On the whole, at two days of water curing regime, increasing the oven curing temperature, decreasing the oven curing time and incorporation NaOH with medium concentration will result in reduced water absorption.
The effects of the main parameters, the share of each of these parameters and the optimum conditions of the parameters for obtaining the lowest percentage of water absorption for G series specimens at seven days of water curing regime have been given in Fig. 6 , Table   5 and Table 6 respectively. Unfortunately, the percentage of error in this condition which is due to the design of experiments containing three factors each at three levels is too high (87.987) and results in an inaccurate analysis. However, the optimum condition for the whole specimens is same as those obtained for two days of water curing regime.
Analysing water absorption of N series specimens by ANOVA
The effects of the main parameters, the share of each of these parameters and the optimum conditions of the parameters for obtaining the lowest percentage of water absorption for N series specimens at two days of water curing regime have been given in Fig. 7 , Table 7 and was shown that utilizing of 3 wt% silica nanoparticles (without alumina nanoparticles)
improves the compressive strength of the specimens. However, in the present case, crystalline alumina nanoparticles which do not react with the geopolymeric pastes act as nanofillers [5] .
To verify the results, a specimen in accordance to the optimum conditions of Table 8 was produced and tested. The percentage of water absorption for this specimen at two days of water curing regime was 8.12 lower than that of the other specimens. On the whole, at two days of water curing regime, increasing the oven curing time and temperature and NaOH concentration together with incorporation nano alumina will result in reduced water absorption.
The effects of the main parameters, the share of each of these parameters and the optimum conditions of the parameters for obtaining the lowest percentage of water absorption for N series specimens at seven days of water curing regime have been given in Fig. 8 , Table   9 and Table 10 respectively. Regardless of NaOH concentration, the whole factors have similar conditions to those stated for water absorption of N series specimens at two days of water curing. According to the negligible share percentage of 0.666 for NaOH concentration, it seems that this factor do not determine mainly the percentage of water absorption in current water curing regime. In presence of nanosilica, the geopolymeric reactions completes more rapidly at early ages and hence NaOH concentration do not play a key role in determining the percentage of water absorption.
To verify the results, a specimen in accordance to the optimum conditions of Table 10 was produced and tested. The percentage of water absorption for this specimen at seven days of water curing was 8.66 lower than that of the other specimens.
Conclusions
In the present study, the percentage of water absorption of G and N series geopolymeric specimens which designate the nanoparticle-free and nanoparticle-bearing ash-based geopolymers respectively was investigated at two and seven days of water curing regimes.
The results indicate that for both G and N series specimens, curing at higher temperatures (90 o C in the current study) results in lower percentages of water absorption. On the other hand, NaOH concentration and oven curing time has alternative levels and the lowest water absorption is achieved at different conditions. In N series specimens, incorporating 2 wt% nanosilica and 1 wt% nanoalumina causes reduced water absorption. It was concluded that amorphous nanosilica particles accelerate the geopolymeric reactions and hence a denser matrix with lower water absorption is produced. This is while crystalline nanoalumina particles which are stable and contribute in aluminosilicate reactions hard, only act as nanofillers and reduce the water absorption. Fig. 1 . Percentage of water absorption in G series specimens at two days (red) and seven days (blue) of water curing regimes Tables   Table 1. Increase percentage in water absorption of both G and N series specimens by increasing the water curing regime from two to seven days. Table 2 . Reduction percentage in water absorption due to adding nanoparticles for both two and seven days of water curing regimes. Table 3 . The share of each factors on water absorption of G series specimens at two days of water curing regime series at two days of water curing regime Table 5 . The share of each factors on water absorption of G series specimens at seven days of water curing regime Table 6 . The optimum condition of each factor to acquire the lowest water absorption in G series at seven days of water curing regime Table 7 . The share of each factors on water absorption of N series specimens at two days of water curing regime Table 8 . The optimum condition of each factor to acquire the lowest water absorption in N series at two days of water curing regime Table 9 . The share of each factors on water absorption of N series specimens at seven days of water curing regime 
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